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CCD PULSE GENERATOR 

BACKGROUND OF THE INVENTION 

. FIELD OF THE INVENTION: 
5 The present invention relates to a pulse generator 

which generates a CCD driving signal for driving a CCD and 
a CCD output processing signal for processing a CCD output 
signal (these two signals will be referred to as CCD 
control signals hereinafter) and, more particularly, to a 
10 pulse generator capable of accurate timing control of each 
signal . 

DESCRIPTION OF THE PRIOR ART: 

The generating timings of signals necessary for 
driving and output signal processing of a CCD serving as 
15 the heart of an image reading apparatus are very important 
to obtain a high-quality image signal. 

The signal generating timing relationship has 
conventionally been ensured by applying the delay 
characteristic of a gate circuit or inverter circuit, or 
2 0 using a relatively low-cost semiconductor delay element. 

In conventional image reading apparatuses using line 
CCDs, CCDs of the same type (line sensors) are commonly 
adopted for high- to low-speed reading apparatuses, and 
large part of the circuit arrangement is kept unchanged. 
25 In practice, no circuits are common because of a change in 
the timing setting circuit. 
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(see p. 1 and Fig. 1) discloses a pulse generating circuit 
which can be used as a pulse generator. 

In recent years, demands have arisen for increasing 
the speed and resolution of image reading apparatuses. 
5 Along with this, the CCD driving speed also increases. 

For example, a fixed period necessary to drive a CCD 
exists, in a CCD output signal, and limits the effective 
period of the CCD output signal serving as an image signal. 
The effective period becomes narrower for higher-speed 

10 driving, and it becomes difficult to control the sampling 
timing of the CCD output signal. 

Fig. 6 is a waveform chart -showing an example of the 
waveform of a CCD output signal. Fig. 6 shows an example 
of the waveform for one pixel. The period during which the 

15 CCD output signal can be sampled and held as an image 
signal is limited to an image signal stabilization period 
(D in Fig. 6. For example, one cycle from CD to (5) for a 
read frequency (CCD transfer signal frequency) of 20 MHz is 
50 ns. A reset period + clamp period ® is about 20 ns at 

20 minimum due to CCD driving specifications. A field- through 
period (2) is set to 0 ns by controlling the timings of a 
transfer clock and reset pulse in order to ensure an image 
stabilization period in high-speed driving at the reference 
level of correlated sampling. An image signal fall period 

25 (3) is influenced by the tr and tf of the transfer clock, 
and must be about 15 ns in general. Similarly, an image 
signal rise period (5) must be about 5 ns in general. 
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The remaining image signal period @ is tw® = 50 - Q 
-(2)-®-® = 50 -20 - 0- 15 - 5 = 10, i.e., 10 ns . 
Even during the 10-ns period, the sample-and-hold point of 
a signal exists. An optimal sample-and-hold point is one 
5 at which a maximum amplitude is resultantly obtained and 
the noise amount minimizes. This point exists at latter 
part of the image signal stabilization period ® , but if 
the point comes too closer to _ the period © , noise 
increases . 

10 As described above, control of the sample-and-hold 

timing of a CCD output signal is critical, and becomes more 
critical for higher-speed driving. 

For this purpose, high-speed or high-resolution image 
reading apparatuses have to use expensive, high-precision 

15 delay elements in order to generate CCD driving signals 
(CCD reset signal, CCD clamp signal, spare signal, and the 
like) and CCD output processing signals (sampling signal 
and the like) at accurate timings. 

Due to variations between apparatuses , . the 

20 apparatuses may not operate in a design state. Some 
apparatuses take . an apparatus arrangement in which the 
delay state of a high-precision delay element is controlled 
using a jumper switch or the like. 

CCDs of the same type are commonly adopted for 

25 high- to low-speed reading apparatuses, and large part of 
the circuit arrangement is kept unchanged. In practice, no 
circuits can be common because of a change in the timing 
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setting circuit. 

SUMMARY OF THE INVENTION 

The present invention has been made to overcome the 
conventional drawbacks, and has as its object to provide a 
5 CCD pulse generator capable of generating a CCD driving 
signal and CCD output processing signal at accurate 
timings . 

The present inventors have newly found that the above 
object can be achieved by controlling the timings of a CCD 

10 driving signal and CCD output processing signal using a 
digital delay type delay signal generating section 
comprised of a combination of inverter circuits (a digital 
delay type signal generating circuit which finely delays a 
transfer signal serving as a reference clock to generate a 

15 plurality of delay signals, and changes selection of these 
delay signals to generate a CCD reset signal corresponding 
to set rise and fall timings) . 

More specifically, a reset signal and clamp signal 
are generated as CCD driving signals for driving a CCD 

20 using the transfer signal as a reference. A sampling 
signal is generated as a CCD output processing signal for 
processing a CCD output. The timing of a spare signal is 
further controlled by the delay signal generating section 
comprised of the combination of inverter circuits. These 

25 signals are output from one integrated circuit. The 
timings, pulse widths, characteristics, and output control 
of these signals can be concentratedly controlled by an 
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output signal condition setting section comprised of one 
register . 

In order to achieve the above object, according to 
the first aspect of the present invention, there is 
5 provided a CCD pulse generator comprising a digital delay 
type CCD reset signal generating section Which finely 
delays a transfer signal for driving a CCD, thereby 
generating a plurality of delay signals, and changes 
selection of the plurality of delay signals, thereby 

10 generating a CCD reset signal corresponding to set rise and 
fall timings, a turned-over/unturned-over signal generating 
section which generates a turned-over signal and an 
unturned-over signal of the CCD reset signal, a selection 
section which selects the turned-over signal and the 

15 unturned-over signal of the CCD reset signal, a blanking 
section which temporarily disables the CCD reset signal, an 
output section which has an output enable function and 
outputs the signal selected by the selection section, and 
an output signal condition setting section which sets 

20 pieces of condition setting information that determine the 
operations of the respective sections. 

In order to achieve the above object, according to 
the second aspect of the present invention, there is 
provided a CCD pulse generator comprising a digital delay 

25 type CCD clamp signal generating section which finely 
delays a transfer signal for driving a CCD, thereby 
generating a plurality of delay signals, and changes 
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selection of the plurality of delay signals, thereby 
generating a CCD clamp signal corresponding to set rise and 
fall timings, a turned-over/unturned-over signal generating 
' section which generates a turned-over signal and an 
5 unturned-over signal of the CCD clamp signal, a selection 
section which selects -the turned-over signal and the 
unturned-over signal of the CCD clamp signal, a blanking 
section which temporarily disables the CCD clamp signal, an 
output section which has an output enable function and 

10 " outputs the signal selected by the selection section, and 
an output signal condition setting section which sets 
pieces of condition setting information that determine the 
operations of the respective sections. 

In order to achieve the above object, according to 

15 the third aspect of the present invention, there is 
provided a CCD pulse generator comprising a digital delay 
type CCD spare signal generating section which finely 
delays a transfer signal for driving a CCD, thereby 
generating a plurality of delay signals, and changes 

20 selection of the plurality of delay signals, thereby 
generating a CCD spare signal corresponding to set rise and 
fall timings, a turned-over/unturned-over signal generating 
section which generates a turned-over signal and an 
unturned-over signal of the CCD spare signal, a selection 

25 section which selects the turned-over signal and the 
unturned-over signal of the CCD spare signal, a blanking 
section which temporarily disables the CCD spare signal, an 
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output section which has an output enable function and 
outputs the signal selected by the selection section, and 
an output signal condition setting section which sets 
pieces of condition setting information that determine the 
5 operations of the respective sections. 

In order to achieve the above object, according to 
the fourth aspect of the present invention, there is 
provided a CCD pulse generator comprising a digital delay 
type sampling signal generating section which finely delays 

10 a transfer signal for driving a CCD, thereby generating a 
plurality of delay signals, and changes selection of .the 
plurality of delay signals, thereby generating a sampling 
signal for sampling a CCD output in synchronism with set 
rise and fall timings, a turned-over/unturned-over signal 

15 generating section which generates a turned-over signal and 
an unturned-over signal of the sampling signal, a selection 
section which selects the turned-over signal and the 
unturned-over signal of the sampling signal, an output 
section which has an output enable function and outputs the 

20 signal selected by the selection section, and an output 
signal condition setting section which sets pieces of 
condition setting information that determine the operations 
of the respective sections. 

In order to achieve the above object, according to 

25 the fifth aspect of the present invention, there is 
provided a CCD pulse generator comprising a digital delay 
type CCD spare signal generating section which finely 
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delays a transfer signal for driving a CCD, thereby 
generating a plurality of delay signals, and changes 
selection of the plurality of delay signals, thereby 
generating another CCD spare signal corresponding to set 
5 rise and fall timings, a turned-over /unturned-over signal 
generating section which generates a turned-over signal and 
an unturned-over signal of the CCD spare signal, a 
selection section which selects the turned-over signal and 
the unturned-over signal of the CCD spare signal, an output 

10 section which has an output enable function and outputs the 
signal selected by the selection section, and an output 
signal condition setting section which sets pieces of 
condition setting information that determine the operations 
of the respective sections. 

15 According to the sixth aspect of the present 

invention, there is provided a CCD pulse generator wherein 
the output signal condition setting section defined in the 
first to fifth aspects is formed by a register which is 
controlled by three, data, clock, and load control signals. 

20 According to the seventh aspect of the present 

invention, there is provided a CCD pulse generator wherein 
the output signal condition setting section defined in the 
sixth aspect is formed by a register which is controlled by 
three, data, clock, and load control ^signals, and can be 

25 cascade-connected to another functional element section 
formed by a register which is controlled by three, data, 
clock, and load control signals. 



According to the eighth aspect of the present 
invention, there is provided a CCD pulse generator wherein 
the register defined in the sixth or seventh aspect is 
controlled via a terminal for selecting an element 
operation order. 

According to the ninth aspect of the present 
invention, there is provided a CCD pulse generator wherein 
the register defined in the sixth or seventh aspect is 
controlled via a terminal for element enable selection. 

According to the 10th aspect of the present 
invention, there is provided a CCD pulse generator wherein 
the register defined in the sixth or seventh aspect is 
controlled via communication by a setting section including 
a CPU. 

According to the 11th aspect of the present 
invention, there is provided a CCD pulse generator wherein 
the respective sections defined in the sixth aspect are 
arranged in one chip of an integrated circuit. 

According to the 12th aspect of the present 
invention, there is provided a pulse generator unit which 
is formed by combining at least two of pulse generators 
defined in the first to fifth aspects and comprises a 
plurality of output sections, wherein all output enable 
functions of the output sections are simultaneously 
controlled by one setting. 

According to the 13th aspect of the" present 
invention, there is provided a CCD pulse generator wherein 
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the transfer signal defined in the first to fifth aspects 
is received by a differential input section to generate the 
plurality of delay signals. 

According to the 14th aspect of the present 
invention, there is provided a CCD pulse generator wherein 
the respective sections defined in the first to third 
aspects are arranged in one chip of an integrated circuit, 
the blanking section comprises an internal blanking signal 
generating section which generates a blanking signal within 
the integrated circuit, an external • blanking signal input 
section which receives a blanking signal outside the 
integrated circuit, and a blanking signal selection section 
which selects the internal blanking signal and the external 
blanking signal, and selection of the blanking signal 
selection section is set by the output signal condition 
setting section. 

According to the 15th aspect of the present 
invention, there is provided a CCD pulse generator wherein 
the pulse generator defined in the first to 14th aspects 
generates a signal for driving a line CCD. 

As is apparent from the above aspects, the present 
invention exhibits the following effects. 

A transfer signal for driving a CCD is finely delayed 
to generate a plurality of delay signals, and selection of 
these delay signals is changed to generate CCD driving 
signals (CCD reset signal, CCD clamp signal, spare signal, 
and the like) and CCD output processing . signals (sampling 
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signal and the like) corresponding to set rise and fall 
timings. Thus , CCD driving signals and CCD output 

processing signals can be generated at accurate timings. 

When CCDs of the same type are commonly adopted for 
5 high- to low-speed reading apparatuses and large part of 
the circuit arrangement is kept unchanged, a common timing 
setting circuit and common circuit can be used. 

No expensive analog delay elements need be prepared, 
and selection of analog delay elements need not be changed 
10 by a jumper or the like. 

The above and many other objects, features and 
advantages of the present invention will become manifest to 
those skilled in the art upon making reference to the 
following detailed description and accompanying drawings in 
15 which preferred embodiments incorporating the principle of 
the present invention are shown by way of illustrative 
examples . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the schematic 
2 0 mechanical arrangement of an image reading apparatus to 
which an embodiment of a CCD pulse generator according to 
. the present invention is applied; 

Fig. 2 is a block diagram showing the electrical 
arrangement of main part in the embodiment of the CCD pulse 
2 5 generator according to the present invention; 

Fig. 3 is a block diagram showing a connection state 
in the CCD pulse generator according to the present 
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invention ; 

Fig. 4 is a block diagram showing another connection 
state in the CCD pulse generator according to the present 
invention ; 

5 Fig. 5 is a block diagram showing still another 

connection state in the CCD pulse generator according to 
the present invention; and 

Fig. 6 is a waveform chart showing the waveform of a 
CCD output signal. 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A preferred embodiment, of a CCD pulse generator 
according to the present invention will be described in 
detail below with reference to the accompanying drawings. 
<Whole Arrangement of Image Reading Apparatus> 

15 The whole arrangement of an image reading apparatus 

to which the embodiment of the. CCD pulse generator 
according to the present invention can be applied will be 
explained with reference to Fig. 1. 

The CCD pulse generator according to the embodiment 

20 can also be applied to an image reading apparatus which 
performs reading in multiple colors (e.g., three colors, 
red, green, and black) . For descriptive convenience, an 
application to a monochrome image reading apparatus 100 
will be described. 

25 In Fig. 1, reference numeral 101 denotes a control 

section which is comprised of a CPU and the like^ for 
controlling each section of the image reading apparatus 
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100. Reference numeral 110 denotes a pulse generator which 
is a feature of the embodiment and adopts a digital delay 
method of generating a CCD driving signal and CCD output 
processing signal (these two signals will be referred to as 
5 CCD control signals hereinafter) at accurate timings in 
synchronism with set rise and fall .timings. 

Reference numeral 120 denotes a CCD driver which 
drives a CCD upon reception of a transfer signal S T and 
reset signal S R from the pulse generator 110. Reference 

10 numeral 130 denotes a CCD serving as an image sensing unit 
which is driven by the CCD driver 120 to perform 
photoelectric conversion. The CCD 130 may be a line sensor 
or two-dimensional sensor. Reference numeral 140 denotes a 
signal processing circuit which performs predetermined 

15 signal processing for an output signal S C cd from the CCD 130 
using a clamp signal S c , thereby generating an image signal 
Si- Reference numeral 150 denotes an image processing 
circuit which performs predetermined image processing for 
an image signal using a sampling signal S s . 

20 The pulse generator 110 comprises building components 

111 to 118e. The clock generating section 111 generates as 
a reference clock the transfer signal S T used for charge 
transfer of the CCD 130. The output signal condition 
setting section 113 sets pieces of condition setting 

25 information which determine the operations of the 
respective sections in the pulse generator 110. The pulse 
control sections 114a to 114e of the digital delay type 
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finely delay the transfer signal S T for driving the CCD, 
thereby generating a plurality of delay signals, and change 
selection of these delay signals, thereby generating 
signals corresponding to set rise and fall timings. The 
5 turnover sections 115a to 115e generate turned-over signals 
and unturned-over signals of outputs from the digital delay 
type pulse control sections 114a to 114e. The selection 
sections 116a to 116e select outputs (turned-over signals 
and unturned-over signals) from the turnover sections 115a 

10 to 115e. The blanking sections 117a to 117c temporarily 
blank (temporarily stop) the selection results of the 
selection sections 116a to 116c. The output sections 118a 
to 118e output outputs from the blanking sections 117a to 
117c or the selection sections 116d and 116e via output 

15 enable functions . 

In Fig. 1, the transfer signal S T from the clock 
generating section 111 is supplied to the CCD driver 120. 
The reset signal S R from the output section 118a is 
supplied to the CCD driver 120. The clamp signal S c from 

2 0 the output section 118b is supplied to the signal 
processing circuit 140. The sampling signal from the 
output section 118d is supplied to the image processing 
circuit 150. A spare signal S#i from the output section 
118c and a spare signal S #2 ^frorn the output section 118e 

25 are spared. 

The output signal condition setting section 113 which 
is controlled by the control section 101 sets pieces of 
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condition setting information that determine operations for 
control of the digital delay type pulse control sections 
114a to 114e, selection of the selection sections 116a to 
116e, blanking control of the blanking sections 117a to 
117c, and the output enable functions of the output 
sections 118a to 118e. 

The digital delay type pulse control section 114a is 
"digital delay type reset signal generating means" in 
claims. The digital delay type pulse control section 114b 
is "digital delay type clamp signal generating means" in 
claims. The digital delay type pulse control section 114c 
is "digital delay type CDD spare signal generating means" 
in claims. The digital delay type pulse control section 
114d is "digital delay type sampling signal generating 
means" in claims. The digital delay type pulse control 
section 114e is "digital delay type CCD spare signal 
generating means" in claims. 

Note that Fig. 1 partially illustrates signal lines 
indicated by one-directional arrows, but each signal can 
also be bidirectional. 

Fig. 2 is a block diagram showing the internal 
arrangement of the digital delay type pulse control section 
114a and a partial arrangement representing the 
relationship between the output signal condition setting 
section 113 and the turnover section 115a to output section 
118a. The same ' arrangement also applies to the digital 
delay type pulse control sections 114b to 114e. 
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The features of the embodiment will be sequentially 
explained in (A) , (B)., (C) , and (D) by mainly exemplifying 
the arrangement and operation of the digital delay type 
pulse control section 114a shown in Fig. 2. 
5 (A) Delay Signal Generation: 

A delay chain section 1141 is a delay element group 
for delaying an input signal (reference clock from the 
clock generating section 111) and obtaining a plurality of 
delay signals (delay signal group: ® in Fig. 2) with 
10 slightly different phases. 

The delay chain section 1141 is preferably 
constituted by cascade-connecting delay elements into a 
chain so as to obtain the number of stages capable of 
generating delay signals with slightly different phases for 
15 two cycles of the reference clock. 
(B) Synchronous Detection: 

A synchronous detection section 1142 is a detection 
section which receives a reference clock from the clock 
generating section 111 and detects the stage number 
20 (synchronous point) of a delay signal synchronized with the 
reference clock among the delay signal group ( (D in 
Fig. 2) . The synchronous detection section 1142 outputs 
synchronous point information ( (2) in Fig. 2) . The 
synchronous detection section 1142 preferably outputs, 
25 among the delay signal group ( ® in Fig. 2), first 
synchronous point information . SP1 which is first 
synchronized with the reference clock and second 
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synchronous point information SP2 which is next 
synchronized with the reference clock. A plurality of 
delay signals from the delay chain section 1141 may vary in 
delay time under the influence of a temperature change or 
5 the like. The synchronous detection section 1142 detects 
the number of delay signals contained in a predetermined 
unvariable time (interval between a reference clock and the 
next reference clock) . 
(C) Synchronous Switch: 

10 A synchronous switch section 1143 obtains a 

synchronous correction amount on the basis of synchronous 
point information ( (2) in Fig. 2) from the synchronous 
detection section 1142 and a timing setting signal ((3) in 
Fig. 2) from the output signal condition setting section 

15 113. The synchronous switch section 1143 outputs a 

selection signal (® in Fig. 2) representing which delay 
signal with a given phase is to be selected from the delay 
signal group (CD in Fig. 2) . The timing setting signal is 
a setting signal for setting rise and fall timings. 

20 (D) Delay Signal Selection: 

A selector 1144 receives a selection signal ( © in 
Fig. 2) from the synchronous switch section 1143, selects a 
delay signal with a corresponding phase from the delay 
signal group (® in Fig. 2) , and outputs the selected delay 

25 signal as a reset signal ((D in Fig. 2) . 

In this manner, a reset signal S R having desired rise 
and fall timings is generated. The reset signal S R has 
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been exemplified, and the same operation also applies to 
the clamp signal S c , sampling signal S s , and spare signal. 

The waveform of a one-pixel image signal shown in 
Fig. 6 is output in synchronism with the transfer signal S T 
5 from the clock generating section 111. That is, a delay 
signal with a stage number corresponding to a desired 
generating timing of a del-ay signal whose delay state is 
grasped is selected using the output timing of the transfer 
signal S T as a reference. A CCD driving signal and CCD 

10 output processing signal which rise and fall at desired 
timings can be accurately generated. Accordingly, a pulse 
with a desired timing can be obtained in the image 
stabilization period shown in Fig. 6. 

That is, for example, a reset signal S R having desired 

15 rise and fall timings is generated not by preparing and 
selecting expensive analog delay elements, but by 
selecting, at a predetermined timing, a delay signal "whose 
phase (pulse position or timing of a dot clock) is finely 
changed. 

2 0 In the embodiment, even if the delay time of one 

delay element of the delay chain section 1141 changes due 
to heat, an individual difference, or the like, which delay 
signal on a given stage is to be selected is determined 
from a synchronous stage number and a desired timing 

25 without any influence of an individual difference or a 
change over time. As a result, rise and fall at desired 
timings can be selected. 
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The technique for the digital delay type pulse 
control section can be the technique of a signal delay 
apparatus which has separately been filed as Japanese 
Patent Application No. 5-12549 by the present inventor. 
5 <Features of Embodiment> 

The operation features of the image reading apparatus 
100 which adopts the CCD pulse generator 110 in the 
embodiment will be described in (1) to (15) with reference 
to Fig. 1. 

10 (1) In the embodiment, a CCD reset signal S R 

corresponding to set rise and fall timings is generated by 
the digital delay type pulse control section 114a by finely 
delaying the transfer signal S T for driving a CCD, 
generating a plurality of delay signals, and changing 

15 selection of these delay signals. 

The turned-over signal and unturned-over signal of 
the CCD reset signal S R that are generated by the turnover 
section 115a are selected by the selection section 116a in 
accordance with settings from the output signal condition 

20 setting section 113. The CCD reset signal S R is 

temporarily disabled by the blanking section 117a in 
accordance with the settings of the output signal condition 
setting section 113. The reset signal S R is output from 
the output section 118a via the output enable function 

25 under the control of the output signal condition setting 
section 113. Pieces of condition setting information which 
determine these operations are set by the output signal 
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condition setting section 113. 

The CCD reset signal S R serving as a CCD driving 
signal can be generated at an accurate timing. When CCDs 
of the same type are commonly adopted for high- to 
5 low-speed reading apparatuses and large part of the circuit 
arrangement is kept unchanged, a common timing setting 
circuit and common circuit can be used. 

(2) In the embodiment, a CCD clamp signal S c 
corresponding to set rise and fall timings is generated by 

10 the digital delay type pulse control section 114b by finely 
delaying the transfer signal S T for driving a CCD, 
generating a plurality of delay signals, and changing 
selection of these delay signals. 

The turned-over signal and unturned-over signal of 

15 the CCD clamp signal S c that are generated by the turnover 
section 115b are selected by the selection section 116b in 
accordance with settings from the output signal condition 
setting section 113. The CCD clamp signal S c is 

temporarily disabled by the blanking section 117b in 

20 accordance with the settings of the output signal condition 
setting section 113. The clamp signal S c is output from 
the output section 118b via the output enable function 
under the control of the output signal condition setting 
section 113. Pieces of condition setting information which 

2 5 determine these operations are set by the output signal 
condition setting section 113. 

The CCD clamp signal S c serving as a CCD output 
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processing signal .(signal processing signal) can be 
generated at an accurate timing. When CCDs of the same 
type are commonly adopted for high- to low-speed reading 
apparatuses and large part of the circuit arrangement is 
5 kept unchanged, a common timing setting circuit and common 
circuit can be used. 

(3) In the embodiment, a CCD spare signal S #i 
corresponding to set rise and fall timings is generated by 
the digital delay type pulse control section 114c by finely 

10 delaying the transfer signal S T for driving a CCD, 
generating a plurality of delay signals, and changing 
selection of these delay signals. 

The turned-over signal and unturned-over signal of 
the CCD spare signal S#i that are generated by the turnover 

15 section 115c are selected by the selection section 116c in 
accordance with settings from the output signal condition 
setting section 113. The CCD spare signal S#i is 

temporarily disabled by the blanking section 117c in 
accordance with the settings of the output signal condition 

20 setting section 113. The spare signal S#i is output from 
the output section 118c via the output enable function 
under the control of the output signal condition setting 
section 113. Pieces of condition setting information which 
determine these operations are set by the output signal 

25 condition setting section 113. 

The CCD spare signal S#i can be generated at an 
accurate timing. When CCDs of the same type are commonly 
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adopted for high- to low-speed reading apparatuses and 
large part of the circuit arrangement is kept unchanged, a 
common timing setting circuit and common circuit can be 
used . 

5 (4) In the embodiment, a CCD sampling signal S s 

corresponding to set rise and fall timings is generated by 
the digital delay type pulse control section 114d by finely 
delaying the transfer signal S T for driving a CCD, 
generating a plurality of delay signals, and changing 

10 selection of these delay signals. 

The turned-over signal and unturned-over signal of 
the CCD sampling signal S s that are generated by the 
turnover section 115d are selected by the selection section 
116d in accordance with settings from the output signal 

15 condition setting section 113. The sampling signal S s is 
output from the output section 118d via the output enable 
function under the control of the output signal condition 
setting section 113. Pieces of condition setting 

information which determine these operations are set by the 

20 output signal condition setting section 113. 

The CCD sampling signal S s serving as a CCD output 
processing signal (image processing signal) can be 
generated at an accurate timing. When CCDs of the same 
type are commonly adopted for high- to low-speed reading 

25 apparatuses and large part of the circuit arrangement is 
kept unchanged, a common timing setting circuit and common 
circuit can be used. 
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(5) In the embodiment, another CCD spare signal S #2 
corresponding to set rise and fall timings is generated by 
the digital delay type pulse control section 114e by finely 
delaying the transfer signal S T for driving a CCD, 
5 generating a plurality of delay signals, and changing 
selection of these delay signals. 

The turned-over signal and unturned-over signal of 
the CCD spare signal S #2 that are generated by the turnover 
section 115e are selected by the selection section 116e in 

10 accordance with settings from the output signal condition 
setting section 113. The spare signal S# 2 is output from 
the output section 118e via the output enable function 
under the control of the output signal condition setting 
section 113. Pieces of condition setting information which 

15 determine these operations are set by the output signal 
condition setting section 113. 

The CCD spare signal S# 2 can be generated at an 
accurate timing. When CCDs of the same type are commonly 
adopted for high- to low-speed reading apparatuses and 

20 large part of the circuit arrangement is kept unchanged, a 
common timing setting circuit and common circuit can be 
used. 

By arranging the spare signal circuit, it can be used 
when an additional signal is necessary in changing the 
25 function of a CCD or the like. This can enhance the 
circuit versatility . 

(6) In the embodiment, the output signal condition 
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setting section 113 is desirably . comprised of a register 
which is controlled by three, data, clock, and load control 
signals. This arrangement allows exchanging necessary data 
with the control section 101 and the like by serial 
5 communication. A simple arrangement can increase the 
reliability. 

Fig. 3 is a block diagram schematically showing the 
connection state. Fig. 3 shows the connection states of 
data (DATA IN and DATA OUT) , clock (CLK) , and load (LOAD) 

10 from the control section 101. In the pulse generator 110, 
the output signal condition setting section 113 in the 
pulse generator 110 exchanges the data, clock, and load 
signals with the control section 101. 

In this connection, a plurality of pulse generators 

15 110A and HOB as shown in Fig. 4 can also be 
cascade-connected to the control section 101. 

(7) In the embodiment, when the output signal 
condition setting section 113 is comprised of a register 
which is controlled by three, data, clock, and load control 

20 signals, and the pulse generator 110 can exchange necessary 
data with the control section 101 or another functional 
element unit (not shown) of the same type by serial 
communication, the reliability can be increased by a simple 
arrangement. In this case, CCD pulse generators are 

25 desirably cascade-connected to each other. 

(8) In the embodiment, the register of the output 
signal condition setting section 113 in (6) or (7) is 
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desirably controlled via a terminal for selecting an 
element operation order. This arrangement can determine 
the parentage (master/slave) relationship and operation 
order when a plurality of CCD pulse generators are 
5 cascade-connected to each other. 

The element operation order selection terminal is 
desirably set by H or L. In the example of Fig. 5, an 
element operation order selection terminal CS of the pulse 
generator 110A is set at H level, and set as a parent. An 

10 element operation order selection terminal CS of the pulse 
generator 110B is set at L level, and set as a child. An 
ID may also be set by a combination of H and L using not 
one element operation order selection terminal CS, but two 
or more signal lines. 

15 (9) In the embodiment, the register of the output 

signal condition setting section 113 in (6) or (7) is 
desirably controlled via a terminal for enable selection. 
When a plurality of CCD pulse generators are 
cascade-connected to each other, this arrangement desirably 

20 allows setting whether to enable or disable each CCD pulse 
generator. The enable selection terminal is desirably set 
by H or L. 

The enable selection terminal is desirably set by H 
or L. In the example of Fig. 5, an enable selection 
25 terminal CS of the pulse generator 110A is set at H level, 
and enabled. An enable selection terminal CS of the pulse 
generator HOB is set at L level, and disabled. 
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(10) In the embodiment:, the output signal condition 
setting section 113 is comprised of a register which is 
controlled by three, data, clock, and load control signals. 
This arrangement allows exchanging necessary data with the 

5 control section 101 and another setting unit (not shown) by 
serial communication. A simple arrangement can increase 
the reliability. 

(11) In the embodiment, the respective sections in 
(1) to (5) and the output signal condition setting section 

10 113 in (6) are desirably constituted as a digital circuit 
in one chip of a semiconductor integrated circuit. The 
sections in one chip of the semiconductor integrated 
circuit can simplify the arrangement, reducing the circuit 
area. The sections are integrated in the same chip, and 

15 their thermal conditions become equal, easily ensuring high 
precision. 

(12) The embodiment provides a pulse generator unit 
which is formed by combining at least two of the pulse 
generators in (1) to (5) and obtains a plurality of 

20 outputs. All output enable functions are desirably 

simultaneously controlled by one setting. In the example 
of Fig. 1, all (1) to (5) are combined. Hence, simple 
control can realize high-reliability operation. 

(13) In the embodiment, a transfer signal from the 
25 clock generating section 111 is desirably received by 

differential input units in the delay chain sections of the 
digital delay type pulse control sections 114a to 114e, 
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thereby generating a plurality of delay signals. The 
transfer signal can therefore be received at an accurate 
timing without any influence, of noise or the like. 

(14) In the embodiment, the sections in (1) to (3) 
5 are arranged within one chip of an integrated circuit. In 

the blanking sections 117a to .117c, a blanking signal 
generated within the integrated circuit and a blanking 
signal input outside the integrated circuit are desirably 
set and selected by the output signal condition setting 
10 section 113. A CCD driving signal can be generated at an 
accurate timing, and also controlled using an external 
blanking signal, realizing various usages. 

(15) In the embodiment, the pulse generators in (1) 
to (14) are so constituted as to generate a signal for 

15 driving a line CCD. 

CCDs of the same type (line sensors) are commonly 
adopted for high- to low-speed reading apparatuses, and 
large part of the circuit arrangement is kept unchanged. 
However, no circuits have conventionally been common 

20 because of a change in the timing setting circuit. Even 
this arrangement can be commonly employed by applying the 
pulse generator of the embodiment. That is, line sensor 
type CCDs used in reading apparatuses such as a flatbed 
scanner, copying machine, and facsimile apparatus require 

25 different timings depending on the resolution used and the 
model used. An application of the pulse generator 

according to the embodiment can realize a common circuit 
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arrangement . 
<Another Embodiments 

The image reading apparatus 100 reads a monochrome 
image in the above description, but the present invention 
5 is not limited to this. The pulse generator can also be 
used in an image reading apparatus which reads a color 
image. In this case, CCD driving signals (CCD reset 
signal, CCD clamp signal, spare signal, and the like) and 
CCD output processing signals (sampling signal and the 
10 like) are generated for each color. 



